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Statement of Purpose: The goal of this study is to design 
a scaffold that incorporates both cellular and extracellular 
matrix (ECM) components essential to aid nerve 
regeneration. Schwann cells are glial cells that play a 
fundamental role in peripheral and central nerve tissue 
repair by promoting axonal regeneration post injury [1]. 
Schwann cells also provide guidance cues to growing 
neurites by secreting growth factors such as nerve growth 
factor (NGF) and brain derived neurotrophic factor 
(BDNF) [2,3]. Schwann cell encapsulation has been 
demonstrated in a few hydrogel systems such as alginate 
gel but none of the previously studied hydrogels are 
representative of neural ECM [4]. Furthermore the cells 
did not achieve in vivo spread morphology with processes, 
which effects the physiological functioning of cells and 
results in diminished growth factors release. Here, we have 
synthesized an ECM mimicking photocrosslinkable 
interpenetrating polymer network (IPN) of collagen and 
hyaluronic acid (HA) and have encapsulated Schwann cells 
in hydrogels for neural tissue engineering applications.    
 

 
 

Figure 1: Live-dead images of Schwann cells encapsulated in collagen-
hyaluronic acid IPNs with 100 µl/ml of laminin added as a bioactive 
factor. The cells remained healthy, underwent proliferation, and 
maintained in vivo morphology inside the gels. (Scale bar 150 μm) 
 

Methods: Photopolymerizable HA (GMHA) was 
synthesized by modifying HA with glycidyl methacrylate 
as described previously. IPNs of collagen and GMHA were 
synthesized by mixing 5 mg/ml GMHA and 3 mg/ml 
collagen. The resulting solution was mixed with 10x 
DMEM and hepes buffer in 8:1:1 ratio. Schwann cells 
were added in the pregel solution at a concentration of 
8x106 cells/ml. Hydrogels were also prepared with low cell 
concentration of 2x106 cells/ml. Collagen was allowed to 
undergo fibrillogenesis at 37°C. The resulting semi-IPN 
was converted into an IPN by exposing it to UV to 
promote HA crosslinking. Hydrogels were maintained in 
Schwann cell media and encapsulated cell viability and 
proliferation were assessed at days 1, 4, 7 and 14 using the 
live-dead and MTS assays. NGF release from cell-
encapsulated hydrogels was quantified using ELISA and 
immunostaining. Cells encapsulated inside the hydrogels 
were also imaged using scanning electron microscopy. 
Schwann cells encapsulated IPN hydrogels were compared 
with pure collagen hydrogels. So we prepared 4 types of 
gels : 1) Collagen gel (control), 2) Col-HA IPNs 3) Col-
HA IPNs with laminin, and 4) Col-HA IPNs with low cell 
density (2x106 cells/ml). 

Results: Schwann cell-encapsulated 3D collagen-HA IPNs 
were successfully synthesized. At the cell density of 8x106 
cells/ml, At the cell density of 8 million/ml, Schwann cells 
maintained excellent viability, exhibited spread 
morphology, and underwent proliferation in hydrogels as 
visualized by live-dead assay using confocal microscopy on 
days 1, 4, 7 and 14 (Figure 1). Cell proliferation was further 
confirmed by MTS assay (Promega). Addition of laminin 
resulted in physiological levels of NGF release (Figure 2) as 
compared to hydrogels without laminin. Enhanced 
functioning of encapsulated Schwann cells was expected in 
laminin-containing gels since laminin enhances neurite 
extension and is vital for Schwann cell migration. The 
spreading of Schwann cells inside the hydrogel constructs 
was visualized by S100 immunostaining. The 3D 
distribution of cells inside the gels was confirmed by 
reconstructing the confocal z stacks using IMARIS 
software. SEM was performed to see the interaction of cells 
with hydrogel matrix at submicron scale. At low cell density 
(2x106 cells/ml) cells were too sparse and remained in a 
rounded or undifferentiated morphology. The cells also did 
not proliferate significantly and secreted very low levels of 
NGF.  

 

 
 
Figure 2: Cumulative NGF release from Schwann cell-encapsulated 
hydrogels for 2 weeks 
 

Conclusions: Our preliminary results demonstrate that in 
the IPNs with higher cell density, the cell viability was 
excellent even at longer time points (14 days) and most of 
the cells maintained spread morphology with processes. 
Excellent cell-cell interactions were evident from the 
results which enhanced the viability and spreading of cells. 
Cells also secreted physiologically-relevant levels of NGF 
in laminin containing IPNs. Therefore, IPNs of collagen 
and HA with bioactive factors (i.e., laminin) can serve as 
ideal biomimetic matrix to guide regenerating neurons and 
in addition can serve as in vitro 3D culture model to study 
cellular behavior, cell-cell and cell-matrix interactions. 
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